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Title: Rest>D^Sfc35©n of links in automatically switched optical 
networks (ASON) 

Continue with the mouse or bottom arrow key (Brief instructions 
for answering the following questions can be found in HL 
Int rane t /MchB/ Pa t ent s /Readme ) 

1. What technical problem is the invention supposed to 
solve? 

2. How was this problem solved in the past? 

3. How does your invention solve the indicated technical 
problems (indicate advantages) ? 

4. Wherein does the inventive step lie? 

5. Embodiment (s) of the invention 

Begin below this line with statements for item 1 to 5 

1.) In a future transport network (automatically switched 
optical network ASON) , in addition to the classical method of 
"protection switching" (alternate circuit with prior reservation 
of an alternate connection) for protecting connections against 
failures of links, nodes or other parts of the network, the 
dynamic method of "restoration" which conserve resources will 
also be used. Here alternate paths are sought only after failure 
of a link or the like for the affected connections. The question 
arises which network node is responsible for restoration of a 
connection so that the connection is set up again as quickly as 
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possible and with local knowledge. This question is answered in 
this application. 

2 . ) In classical transport networks restoration is not 
offered, but connections are protected by alternate connections 
to which it is possible to quickly switch with the alternate 
circuit process. For ASONs there are proposals [1] for assigning 
the task of restoration to the source node of the connection 
which is already looking for two disjoint paths [2] through the 
network when a connection is set up and thus, without looking for 
other routes when a user connection fails, immediately knows an 
alternate route which is not affected by this failure and to 
which the alternate connection can be switched. 

3. ) Assuming that the routing in ASON is carried out with a 
"link state" algorithm [3] , after receiving a message about a 
configuration change each network node immediately knows the new 
network topology and can thus determine the new shortest path 
free of loops to the destination of a connection which has been 
interrupted by failure. This task can fundamentally be easily 
transferred to the source node of the connection (that node from 
which the connection was originally set up) , as is shown in 
Figures 1-3. Figure 1 shows one example for a transport network 
with 10 network nodes A-H and 16 links between them which each 
are supposed to have a distance metric of 1 . A connection 
between nodes A and F is set up and confirmed according to the 
flow chart shown in Figure 3, part 1, along route A-B-C-D-E-F. 
After failure of the link between D and E the network appears as 
is shown in Figure 2. This link failure is signalled by the two 
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nodes D and E each to all neighboring nodes (part of the routing 
protocol, not shown) in the form of flooding so that all other 
network nodes are notified as quickly as possible about this 
change of topology. Afterwards nodes D and E for each now 
interrupted connection send a message with which the 
responsibility for restoration of the connection is explained. 
This message is sent along the original connection path. In 
Figure 3 node A is supposed to be responsible for restoration as 
the node which had originally set up the user connection. 
Therefore node F receives from E the message N_RELEASE 
(connection release after network fault without responsibility 
for restoration) . Conversely, node D sends in the direction to 
the source of the connection the message N_RELEASE_RECONN 
(connection release after network fault with responsibility for 
restoration) . It is routed along the original connection path 
from D via C to B and from the latter further to the source node 
A which thereupon sets up a new connection to F via nodes K-J-H- 
G. 

The case shown in Figure 3 corresponds to delegation of 
responsibility for restoration to the source node of the 
connection. Especially for very prompt restoration, it can be 
advantageous on the other hand if a connection is re-routed 
nearer the fault site with acceptance of a possibly somewhat 
longer path. It is proposed as claimed in the invention here 
that the return of responsibility for reestablishing the 
connection is pursued only until 

1) an alternative path to the destination is found and 



2) the distance metric to the destination has no longer been 
reduced one step long (the additional step naturally having to be 
considered) or 

3) responsibility has reached the starting node of the 
connection. 

For this reason a parameter is also given to 
N_RE LEAS E_RE CONN messages (NRR) which states how great the 
distance is from the node transmitting the message to the 
destination. If the aforementioned conditions are met, the 
message is no longer forwarded to a predecessor node, but the 
alternate connection is set up. 

Figure 4 will be used for purposes of description. After 
the information about topology changes in the network has been 
flooded (Figure 4, part 2), nodes D and E first transmit the 
N_RE LEASE and N_RE LEAS E_RE CONN messages (Figure 4, part 3) . 
Message NRR (4) from node D to node C notifies the latter that 
node D could set up an alternate connection with metric 4 (sum of 
link metrics computed from D) , the length of the entire path from 
A via D to F would therefore be 7. C itself however has only one 
path of length 3 (total path length 5) and delivers this in turn 
to node B. B itself would again need 4 steps (total path length 
5), would therefore choose the same path via C as C itself. 
Therefore B does not relay the message to A, but itself sets up 
the alternate connection to H (Figure 4, part 4). 

This example shows how the indicated algorithm ("look for 
new path and set up connection as soon as the new path ceases to 
become shorter) achieves the establishment of an alternate 
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connection relatively near the failure site, but without 
unnecessary double paths. Each node must compare only the 
distance metric received in the N_RELEASE_RECONN (NRR) message 
with its own new distance to the connection destination so that 
ultimately a local decision for the alternate route and for the 
responsibility for setting up the alternate connection is 
possible. It is also possible that using this algorithm the 
globally optimum solution is not found; this can also be 
duplicated only in larger network examples . 

Options and expansions 

1. In contrast to the description above and in the figures, 
the responsibility for setting up an alternate connection from 
the fault site is not given in the direction of the node which 
originally set up the connection, but in the opposite direction 
(destination of the original connection set-up) or this^ 
responsibility is fixed according to another globally unambiguous 
metric (for example, those end nodes with the numerically smaller 
and larger network address) . 

2. Error-protected or non-error-protected transmission of 
the messages shown in Figures 3 and 4 . 

3. Combination of flooding messages with a list of service 
connection endpoint identifiers to be re-established/affected by 
the failure. 

4. Additional limitation of back path length n Back so that at 
latest after n Back steps of the algorithm, establishment of the 
alternate condition is started. 



5. Exclusive use of the back path length n Back as the 
criterion without examining the distance metric. The example in 
Figure 4 would randomly correspond to the case n Back = 2 . Setting 
up the alternative connection basically by one of the end nodes 
of the failed link would correspond to n Back = 0 and set-up 
basically by the starting node of the connection would correspond 
to n Back = infinity. 

6. A node which receives a N_RE LE AS E_RE CONN message decides 
with a Bernouilli experiment (for example, via a pseudorandom 
number generator) randomly whether it is responsible for 
restoring the connection, or whether it relays the 
N_RELEASE_RECONN message to the next predecessor node on the 
original connection path. The probability of one decision or the 
other can thus be stipulated differently per node or uniformly 
network-wide . 

7. Determination of the probabilities for option 6 node by 
node using the number of links connected to the node. 

8. Determination of the probabilities for option 6 case by 
case using the distance (routing metric) to the source node of 
the connection. 

9. Determination of the probabilities for option 6 case by 
case using the distance (routing metric) to the destination node 
of the connection. 

10. Determination of the probabilities for option 6 node by 
node using the instantaneous usage of the links connected to the 
node . 
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11. If the node which finally sets up the alternate 
connection routes it first along the path of the old connection, 
it can instruct the next node to continue to use the 
corresponding fragment of the old connection. In Figure 4, B 
would not send a connection set-up message to C, but would send a 
modified RECONNECT message. 

12. The decision, from what side of the failed link the 
connection is to be re-established (see description and option 1) 
can be made depending on the distance between the failure site 
and the end nodes of the connection. To do this, when the user 
connection is set up for the first time each participating node 
must enter into its connection table the lengths of the routes to 
the two end nodes. When a link or node fails then each of the 
two affected edge nodes of the failure area compares these two 
values, taking into account that the node on the other side of 
the failure area has entered a path shorter than in the link 
table by the failure path segment . In the case in which these 
distance metrics are the same for both sides the responsibility 
is explained according to the original description or according 
to one of the possibilities in option 1. 

13. Like option 12, however all nodes enter the side 
responsible for restoration in the case of a link failure when 
the connection is set up. This however can lead to 
inconsistences when a larger component network fails. 

4 . ) Algorithm for optimum establishment of the 
responsibility for restoration of an interrupted connection in 
ASONs with restoration. 
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5.) ASON network node which contains the algorithm and 
communicates accordingly with its neighbors 
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6 . The following are enclosed as attachments for further 
explanation: 

1 page of the description of one or more embodiments of the 
invention; (if possible prepare drawings in PowerPoint or 
Designer format) 

3 0 pages of literature which describes the prior art underlying 
the invent ion* } 

* } Please attach photocopies or offprints of all cited 
publications (articles complete; for books the relevant chapters 
with complete bibliographic data. 

7. Which agencies are interested in the invention? ICN TR 

8. Has the invention already been tested (completion of tests, 
preparation of models) no 

9. For what products can be invention be used? network nodes for 
OTN/ASON, SDH 

10. Is the application of the invention provided? no 

11. Has a product based on the invention been delivered or is a 
delivery intended? no 
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12. Is publication of the invention intended or has it already- 
taken place? no 

13. Is communication of the invention to those outside of the 
company intended or has this already taken place? yes 
(presumably) on 8/25/2000 to D. Schupke, TU Munich (co-inventor) 
If possible, please assess the following criteria: 

a Difficulty for competitors to circumvent 
Equivalent alternatives 
require effort 

b Attractiveness to competitors for use 
average 

c. Evidence of competitor use 
Evidence of use 

easily possible 

d. Use in house 
unresolved 
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Figure 1: Example of a transport network with 10 nodes A-K, 
All links are supposed to have a distance metric of 1 
Figure 2 : Network from Figure 1 after failure of link D-E 
Figure 3 : Flowchart for Figure 1/2 

1. Connection set-up between clients on nodes A and f 

2. Link failure D-E and flooding of this information to all 
network nodes 

3. Delegation of restoration from D to C to B to A 

4. Restoration by node A via alternate path 
Within Figure 

2 Link failure: Link D-E no longer usable starting now 

Below Figure : 

Connection set-up (SETUP) 

Confirmation for connection set-up (SETUP_0K) 
Connection release after network fault with restoration 
stipulation ( N_RE LEAS E_RE C ONN ) 

Connection release after network fault without restoration 
stipulation ( N_RE LEAS E ) 

Figure 4 : Flow chart with the proposed algorithm 

1. Connection set-up between clients on nodes A and H 

2. Link failure E-F and flooding of this information to all 
network nodes 

3. Delegation of restoration from D to C and from C to B; release 
of connection between E and F 

4. Restoration by node B 
Within Figure 

2 Link failure: Link D-E no longer usable starting now 
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Below Figure: 

Connection set-up (SETUP) 

Confirmation for connection set-up (SETUP_OK) 
Connection release after network fault with restoration 
stipulation (N_RELEASE_RECONN) 

Connection release after network fault without restoration 
s t ipulat ion (N_RELEASE ) 
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1 INTRODUCTION 



1.1 Scope of the Document 

This document describes the arch (lecture and essentia] functions of an automatically switched 
optical network in a rattier abstract way, defining the required functional enfiies and the 
kUeracttons between them. H does neither discuss the benefits of ASON3 nor provfcia Input for a 
respective business plan, but assumes thai there » a demand for such networks and that this 
demand can be satisfied in an economical manner. 



1.2 Outstanding Issues 

The following terns are not treated In Ibis document, even though desirable for a complete 
picture: 

• Security: includes authentication and authorization of the network client as we* as the 
mtegrty and cortidentiaity of control Information h the network in general 

• Accounting management 

• Network Management: Emportant tasks of the TMN such as swtehlng connections are now 
performed automat car/ which will affect the network management system. 

• fntefworfcing of ASONs: any addftional requirements for the gateway nodes of ASON 
irrferwoikfog 



1.3 Document Overview 

The document is organized as follows: Section 2 describes some general architectural 
assumptions thfs specification is based on. In Section 3 a Plane Model for ASONs Fs presented. 
Section A deals with the address requirements for the different network interfaces. Section 5 
gives an overview of an ASON's functional entities and describes these entities, whereas 
Sections primariy shows the information Bows between them for various events, H also 
describes in how to route a path through a hierarchically layered network. 



2 GENERAL ASSUMPTIONS 

At the time being, there is no common understanding withffl the l&C community what an ASON 
exactly looks like, e.g, f which services H provides, which features operators require, or. what the 
ratebon to other nelwcrks is. However, the development of an architecture for an ASON Is not 
possible without having some of the main questions answered, even if only a rough picture Is 
drawn. Tbefolowing sections describe the general assumptions on which the architecture of 
Hns specification is based. They reflect the coition of the authors win respect to the ISceBrood 
of possfcte answers. 
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2.1 ASON Services 

The service provided by ihe ASON is a circuit swllched polnRopoint conractrvily service. The 
ASON not able 1o handle data packels findrrfjualfy. or even to recognize that a connection is 
used to transport packets. All packet switching is considered to lake place at the cftent layer. 

The ASON connections are always bi-diredlonat and symmetrical with respect to capacity- The 
two traits constituting a connection are aEways routed along ihe same route. 

The establishment of a connection within the ASON may be triggered by a dfent via a UNI 
{switched connection, or a *ca\r), or may be triggered menualy vis the netvwrk management 
{soft permanent connection). The same is true for the release of a connection, of course. 
Despite Xs name, the tenn UNI in Ihe context of ttts paper does not refer to an end user 
interface hut to the interface between the ASON and te dient network nodes See svrftches and 
rotSers. 

In principle Ihe ASON is cflent agnostic, serving all typea of ciente. In practice thare are some 
constraints due to physical transmission Fmpasmients. ft Is therefore assumed, that analogue 
dient signals, wtach ere most sensitive lo signal diaforBon&, are not supported by the ASON. 
The clients of lira ASON are digital network nodes offering digital signals wHh known physical 
layer characteristics at their interfaces. Because only clients wHh Werfaces of the same type 
can be connected, the ASON has to know the signal type of each of fts clients, II Is assumed, 
that there Is a well defined set of supported dfent signals comprising at feast SDH (STM-16, 
STM-64, STM-256} as wel as Gigabit Ethernet and the future 10 Gigabit Ethernet Also a 
transparent optical channel service and an optical band service {fiber band?Imrted by optical 
amplifiers) may be offered. It should be noted, thai the ASOff despite it is discussed rnairty in 
the context of IP transport,, supports also non-1P dients. 

The ASON supports a number of service classes differing vath respect lo the connection 
availability. The availability is a function of connection priority (low priority traffic may be bumped 
1o get resources needed for high priority traffic) and of failure survivability. Failure recovery 
mechanisms ana divided mlo protection and restoration mechanisms. In case of protection the 
back-up resources are reserved at Ihe Ume the working connection is established. In case of 
restoration the back-up resources are allocated once a failure is detected, I.e. the back-up path 
is dynamically established at Ihe time if is required usfng netwwk wide spare resources, ff no 
back-up paih can be found the connection Is !□&!. 

Protection mechanisms rely on <*edicated switching gear being pari of the data plane without 
interfering with Ihe control plane, ttence, they are out of the scope of an ASON. However, the 
ASON must support eslabfching back-up paths (protection connections) whfch are diversely 
routed to the respective working paths. Diversity can mean Ink diversity or node diversity, 
where ink crveraty comes in different flavors (fiber diversity, cable diversity, duct diversity}- To 
assure this, shared risk groups wil be used, providing the routing algorithm with the retevant 
information. Also the ASON may support routing preferably over protected links.. 

Service classes can further be differentiated using two types of connections. The two types 
differ with respect to the&r ^stiffness" Stiff connections, once estabfished, remain as they are 
until they are released. In contrast, flexible connections may be rerouted during servtee to aRow 
for network optimization. The attribute of stiffness holds on an end-to-end basis, i.e.. the 
subnetwotk connections forming a connection are either all stiff oral flewbfe. A mix of stiff and 
flexfele subnetwork connections is no! supported. Using the two connection types, tffferent 
«avioe grades v*th respect to survivability can be constructed, see Table 2-1. 
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Service 
Grade 


Wonting 
Connection 


Back-up 
Conr>eclion 


flemar* 


1 


Stiff 


Stiff 






I our? 


Flexible 




3 


Flexible 


Stiff 


Does not make much sense. 


4 


Flexible 


Ftexible 




5 


Sftff 


None 


Is on^ affected by a failure afong its iraiL 


6 


Flexible 


None 


May also be affected by a failure h Ihe vicinity of lraS, 



Table 2-1: ASON sunrivabalty grades 
{Note: By maara of nwtotaaon lxttti Mfvfce grades be axutnxted) 

2-2 Architecture Model 

The ASON is a network offering its services to other networks. Hence, the quealfon arises how 
Ihe Inteiworking between the ASON and its dents is managed, in the IP community this 
question is discussed on the basis of four architecture models originating from the discussion 
about the toterworking between IP and ATM networks. Omitting details, there are essentially two 
approaches: one approach where the topology of the server network is hidden to the cSent 
network, the so-called overlay model, and another approach where (he topology oT the server 
network is known by Ihe client network {integrated, augmented and peer model), in the latter 
case the topology information is exchanged explicitly between client and server, or the routing 
protocol does not differ between nodes of the client and the server network. 

For an AEON supporting only IP dienls an integrated or similar model seems to be appropriate 
For an ASON supporting a tal of different cflerrts Ifiis approach is at least queslionabie. 
Moreover. 9 we assume thai the operator of the ASON and the operator of the cSent network is 
not Identical, the exchange of complete topology information wil be most probably not 
accepted. Therefore, we assume an overlay model. This means that the client network sees the 
ASON as a simple point-to-point link. The routing and skjnafrtg of the client and the server 
network is comptete !y independent of each other, a&so if the same protocols are used. This 
model lite wefl with the services described above, e.g., there are also soft permanent 
connections provided through network management. 

The overtay model has the drawback that client nodes after running their routing protocol do nol 
know which connections the server network can provide and which not. in other words, a drenl 
node does not know if H can reach another cSent node via a connection to be provided by Ihe 
server network or not. If an dfent nodes would be connected to the server network a demanded 
connecoon could only be rejected due to blocking in the server network or at the called node (ail 
Weiftoes busy). In this case a triaVend-ercor approach would be sufficient. However, in general 
not al cfiert nodes have a connection to the sewer networtc. In thb case an expEdt solution for 
then«chab^p<t*^hastoDeprovkted. 



13 MuftpteJdng Hierarchy 

The ASON fe heterogeneous concerning the link transmission capacity. The inks connecting 
the ASON nodes may dffervwft respert lo the maxfrmirn 
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the switching fabric as a bundle. SHas «5£* uSiSSEt 

architecture: The ASON Is split fnto several ^^1^^^ ^^ 
matrices wtttn the nodes are transparent a^srmXrSoSIwSS J^n^l^S^ 
bandwidth. WtuaHy they are sepai™™^ S^farS ^,2232 
each virtual matrix belongs to trXspeciive layer ne4S, sefp^S ^ 




Figure 2-1 : ASON spit into several layer netwcdcs by TDM 
The most important signal types will have their own ASON law** tuMnh Q «, ■ 

i^et^shaie the same 



ASON Arzh&Kter* Sptefficrtwi vf,0 
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2A Node Capabilities 

It Id assumed thai in general an AS ON node has an optical and hence transparent swlcrtng 
matrix. However, nodes which completely belong to one of the dedicated layer networfcs 
described above may employ an opaque matrix. Independently of frtiplernentallcn details ft is 
assumed that only the dient signal as p whote b switched and the node does not support 
switching of a fraction of the signal barKhaidth. The node is not only blind with respect to 
individual packets bat also wtti respect to IrrfviduaJ time skits. The handing of both 4s assigned 
to the clert laser networks. 

Wavelength converters may also be transparent or opaque. Nodes may employ wavelength 
converters, or may not In general, the wavelength constraint have to be taken Into account 
durotg the nxSng process. 

ASON nodes detect airtooutka!^ the topotogy TTtfs holds 

for Wfiat equipment deployment as well as for topology changes due to failures. Client nodes 
attached to the ASON via an UNI register themselves hi the networtc. This vrtl happen also after 
a reboctof afaied c«ent node, Cfient nodes without an UNI have to be registered manurfy. 



3 ASON PLANE MODEL 




Figure 3-1 : ASON ptene model 



T If ft* control ptm and tedrta plane thereto *am ptyskri metSkm 

An kvband corfc* cttamet ta *ecfiy related to tho <ta*cet data port fl**y assoctotf) enabfex mntoi «nd 
topok^ aufcwiolK*^ fbc^piar« use their owphyticai rr*cfco ttfs to cak*j an o*bart coniral dam*. *n 
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this case ihe data ptom and cortnol pteoa are nol physical counted ml auto-cfetectfcri Is pn>Wenalta because o>o 3 
asstyirT)eni between cortW ^ I 

The ASON consists of three planes, the data plane, the control ptane and ihe management ji 
plane. The da la plane Is responsible for drcutt^vrftchJng daLa signal through the network, as * 
well as for sourdng and sinking the data signal The data plane consists of two layers, the data 
pfane physical layer and the physical medium layer. The data plane physical layer performs the £ 
functions necessary for transmitting ihe user dala over the physical medium. SDH over WDM 
could be a date pJane physical layer protocol in an AS ON. The physlcat medium layer provides { 
the medium for transmitting the user dala. The physical medium In en ASON is e fiber. The 
control plena rims routing and sfgnallng protocols and b responsible for overall system 
operation. U is composed of a protocol slack performing the functions necessary to 
communicate to other instances and a physical medium layer providing the transport medium. 
Depending on the physical alocation of the control channel, irvband or out-band, the contra! 
plane and the data plane share the same physical medium or not, respectively. The 
management plana allows system operators to configure and monitor the networfc The 
management plane la outside the scope of this document. 



4 ADDRESSING 



tn a network offering automatic (signaled) path set-up, it is necessary to be abte to address 
several service access points. Routing and signaBng protocols run between network nodes, 
which should be addressed appropriate^, CJtent signaSng is possible over the UW. Here an 
address is required both for the cftent signaling channel endpoint at the UNI as we IE as for Ihe 
target remote connection endpoJnt. Also, for sJgnaBng inside the network Jhe physical resources 
between which a connection fs to be established must have addresses. In addition, network and 
client nodes must be abte to address the registry server(e) somewhere Jn the network. 
In Figure 4-1 r the addressing relations tor user and control plane addresses are sketched, 
neglecting the registry servers at Ibis point. There are different addresses req lined at the 
different reference points. For data channels at the HN\ (A), both sides' addresses must provide 
a node, pod. wavelength and channel Identifier. Reference point (A) addresses vril also be the 
ones transported in the paytoad of signaling and routing protocol messages. SignaEng and 
routing messages at the NNI (B, C) must be abte to address the corresponding partner entity. 
This can either be done by using Ihe same node identifier as with (A) plus a signaling i routing 
protocol instance identifier or by using addresses belonging to a diem network which Is used for 
transporting signaling and routing messages. This choice can In principJe be performed 
independency for reference point (B) and (C) addresses bed In practice ft Is advisable to let both 
have the same kind of address. The UNI addressing options for data <D) and signaling (E) ' 
depend on the choice of network connectivity. If each interface te connected by a single- i 
channel, single^wavetength pomt-to-pwrt Snk, addressing can be implicit and no explicit 
addresses need to be used. However, most message based skjrtaf ng protocols wtf requte the 
partner ^stances to hawe addresses at reference points (E). For these, the same options as 
above (B,C) are possible: Addresses can be either specific optical network addresses (node kJ) 
or beiong to a ctert network. 
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Figure 4-1: Addressing at different network interfaces 



Another open poinl ts the question of the addresses 1 scope. The addresses could have local or 
global significance. Making the addresses global/ significant couW make ft easier for an optical 
transport network to provide global cormecfivty. and ODss^mM^ercomieclkm estabSsftment. 

As the Internet Protocol (IP) offers a worto-wde connectivity of layer 3 instarwes. both ODSI 
and f£TF tiave proposed to use IP addresses as node Identifiers for optical networks |1-4J. TNs 
approach is justified if the major cflent layer for optical transport networks ?s gofng to be IP and if 
the control plane vriH be IP based. In (his case, every node contains an IP ^stance anyway for 
handling the signaling and routing protocoJ messages, so that this IP address could be re-used 
on tayer 1 as a node fdenUfer. On the other hand, it rnfght be advisable not to use IP addresses 
to identify optical network nodes if the addressed targets do not provide real IP instances {e.g. 
single ports of an optical network node, as suggested m 13]). Conespondinflly, a current iTU 
draft [5] cals for these addresses to be disjoint from upper layer addresses, very much Bee 
Ethernet addresses are dis]oW from IP addresses if transmission and dterrt layer are property 
separated. 

Wa suggest to use IP addresses for signaling and routing entities (B. C, E referenoe points) and 
totnxluoe special optical transport network addresses for the data channels (A and O reference 
pointe). 



5 ASON FUNCTIONAL ENTITIES 



5-1 Overview 

The block diagram in Figure 5-1 shows Ihe functional entities of an ASON. Three different 
nodes are dfefingutshed: edge node, trans! node and dleirt node. An edge node is connected to 
a transit nods or to an other edge node via the network node fnlerface (NNI). Edge and transit 
nodes consist of a call manager, a resource manager, a switching manager, a fink watcher and 
tte physical resources, A cfert node to connected to an edge node via the user-network 
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interface {UNI} and consists of a call manager and a service resolver. An address tnfonnatkm 
sendee "» provided byareg istry. 
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Rgure 5-1: ASOKfurKfionalertiBes overview 
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5.2 Switching Fabric 

The switching fehaic is composed of a space-switching unit and an optional frequency-swttdirng 
unit fwavBtengtii converters). The switching fabric supports cnfy point-to-point connections. Thai 
means the fabric can only connect a stngle unused output port to a single unused input port 
Under the assumption thai WDM multiplexers are connected to the switching fabric every port fc 
assigned to a specific wavelength. If the optional fr^uerKy-swttch Is not available the switching 
fabric can only connect output port to an input port if the assigned wavelengths of both ports are 
identical, This limitation does not exist for ports wfth an additional wavelength converter. In this 
case any unused output port can be connected to any unused Input port. 

The degree of transparency of the svafchmg fabric must ft the network the fabric belongs to. A 
transparent switching fabric is universally applicable and can be applied En every network {fiber, 
transparent. 2,5 GM/s eta). An opaque fabric is almost as flexible applicable as a transparent 
fabric except to fiber switched networks because complete WDM-s'+gnate cannot be switched. A 
protocol and Wt rate specific space sviilch fe Jirntted to networks 
and the Ut rate of the fabric 



&3 Switching Manager 

The switching manager configures the switching fabric and provides an Interface for the call 
manager to setup and tear-down a connection. The resouce manager cai dfrectty request the 
switching stale from the switching manager over an additional interface. This allows the 
resource manager to rebuild Its database after reboot of the node. 

In network elements which are not fully equipped with wavelength converters a correction set- 
up may block. Blocking occurs if the wavetength assigned to the iiput and the wavelength 
assigned to the output port are not identical and no wavelength converter is avalabte for thai 
connection. In this situation the switching manager rejects the setup request. 

5.4 Call Manager 

The call manager runs the signaling protocol for the UNI and NNI to set-up, tear-down and 
modify end-to-end paths. Such a path has the following attributes: 

End point address 

Signal type 

PmfectionAvorking path fin case erf a protection 

Restoration 

Stiffness 

Route (fore^fdt routing) 

Set-up: 

SeUp a poinM^poinft optical path between two networtc eterne rrts- 
Tear-down: 

Tears-down eneslabfehed optical path. 
Modify: 

Modifies an attrtAItB (Btifliness, lOUte, restoration properties > an steady esteblshed opfical 
path. 
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An optical path b charactered by the foBowfog attributes; 
Encfpc ant address: 

An unique address associated with each eftdpofai of an optical path guarantees a dear 
Identification (see section 4), 

Signal type: 

Specifies the type of the cfenl signal to be transported over the optical path. The facilities along 
the optical path, hduding links, nodes and endpolrrts must support the requested type. In this 
context support does not mean that each node must be able to terminate the requested signal 
type. Term Ira Bon is necessary at the end points of the optical path, but not 6n between. There ft 
is sufficient that the node is able to switch the dfert signal An example of a signal type Is 
STM-1& 

ProtecftatfMriung path: 

Specifies whelher the optical path is a protection path or a woridng path. If ft tea protection path 
additional attributes specify the pafri ID of the associated working path and the cfiversfty (Wc or 
node). 

Restoration: 

Specifies whether the optical paths rerouted in case of a feiforo. 
Stiffness: 

Stiff connections, once established, remain until they are released. In contrast, flexfcle 
connections may be rerouted during service to alow for network opBrrizaUoa (See also section 
2.1) 

RoiXe: 

Specifies the route to set-up an expficrtty routed optical path. 



The necessary resource and routing information to perform set-up, lear-down and modfiy 
actions Is requested from the resource manager as needed. For a pafh set-up the caB manager 
requests the next hop from the resource manager The information about the nexl hop provided 
by the resource manager contains Che entire address except the wavelength. The wavelength 
assignment Is done by the call manager during the set-up procedure. 

The call manager communicates Lo adjacent caB managers over a bi-directional control channel 
to exchange sfenafing information. The Knowledge about adjacent cal managers is e ether the 
result of a configiration process or of an automatic discovery process- An in-band centra* 
channel enables the caSl manager to automatically discover adjacent call managers by sending 
a hello message. If the control channel Is out-band an automatic discovery fe not possible but 
the adjacent caB managers have lo be configured manually in the database of each call 
manager. The benefit of getting the tnformatfon about adjacent, can managers from a own 
database focated tn the call manager Itself Is a higher degree of autonomy of the skjnafing 
process. Hence ft ts guaranteed thai in case of explicit routing the caH manager can handle the 
entire set-up, tear-down and modify procedures without the help of the resource manager 
{routing protocol). 



5-5 Resource Manager 

IT* resource manager keeps traA resources are 

represented by the tapotogy consisting of nodes and Hnfes. Any pair of nodes in the topology 
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may be connected by no. one or multiple inks. Channel rotated information (TDM or WDM) is 
noL contained in the topology. The resource manager stores the Information about the link 
resources and the resource attributes. The avaiabte (to. unused) Jink resources may also be 
stored. The resource manager does route com pirtation based on the topology and the resource 
information, and stores the information of routed paths. 

The Enstarrtiaticn can be dona as one Instance per node, ft may be also possible to perform one 
central {possibly bacfced-up) instance per domain or several instances per domain. This, 
however, is not considered h this document 

The resource manager gab the Ink information from the link watcheri it) order to update the 
stored topology. Upon ink connection the entry for the ft* is alocated in the reaoiree 
database. 

The resource manager provides the call manager with route information consisting of a 
sequence of nodes induding {rf needed} the Intermediate into. The resource manager gets the 
information about alocated or de-allocated resources from the caB manager to update the 
stored routing database. 

The resource manager provides the registry with the add^^ 

he Rl}. Resource managers update resource information among each other (via the NNI), 

Route computation is tfone based on the topology and the resource slate, and subject to dtent 
signal parameters (e.g. protection requirements) and physical constraints. 

Flexible connections may be rerouted to assure efficient resource titifcation. Rerouting may be 
initiated try the operator or In consequence of a resource manager's route computation. In the 
latter case the resource manager then nSates the rerouting of affected fexrbte connections at 
the call manager. 

At start-op the resource manager afigns its database by requesting information from the 
switching manager, other resource managers and the IfnK watcher, 

Basic requirements are that the resource database has to be consistent and that the rnessagfng 
Is reliable. 

In current protocols the resource manager function is resized e.g. by the Flooding Protocof and 
the Exchange Protocol In OSPF or by the flooding Protocol bi IS-IS. 

Note: A detafed Hsting of managed resources is out of the scope of this document 



&6 Link Watcher 

The task of the Br* watcher is threefold. Firstly, the link watcher detects neighbor nodes. 
Secondly, Ihe Br* watcher provides the resource manager with the Ink attributes. Thirdly, the 
link watcher notifies the resource manager about fink disconnection. 

The instantiation can be done as one single instance per node or as one instance per port 

The link walcher interfaces the detectors for fink uprttovm indications, signal performance 
indications, etc The Bnk watcher provides the resource manager vath the Snk ettrfoetes (fink 
tjpe, shared rfeK group, etc) 

Refabfe messaging Is a baste requirement 
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t7 Registry 

The registry provides Information about reachable client nodes and returns the desfinaticn 
address. 

The hstanflalion can be done as one centralized (possibfy backed-up) ^stance per dornaJh as 
several instances per domain or as one instance per node. For each of these cases eflher a flat 
realization is possible, or a hierarchy resulting in multiple instances. 

In the case of multiple registry instances, the registries request reachability and address 
information among each other (via the Rl}. The registry provides the Information about the 
reacbabity and the address of a node requested by the service resofver (via the Rl). 

Reqursmerts are thai the database has to be c»oststent and that the message is reliable. 
The registry function can be compared with the too-Broadcast, Multi-Access (NBMA) Address 
Resolution Protocol (NARP). If the network consists of multipte suboetworks. me comparison 
w8h the NBMA Next Hop Resolution Protocol (NHRP) holds. NHRP is a functional superset of 
NARP to provide addresses of "nearest" egress nodes fw destinations outside the subnetwork. 

5.8 Sendee Revolver 

The service resolver queries the registry before initialing the cal. 
The instantiation is performed at clients (with UNI). 

The service resolver queries the registry for a destination node's address {vte the Rl) ff the 
node is reachable the service resolver initiates the cal at the cfent node's cal manaoer 
Otherwise the service is rejected as unrsscivabfe. ' 

A basic requirement is refiabte messaging. 



6 OPERATIONAL DESCRIPTION 



6.1 Information Flows between Functional Entities 



6.1.1 Network Augmentation: Adding a new Node 

If a new network node is added, its link watcher checks if the node Is phvsicatfv Inked to Hs 
neighbors (by means of the detectors for Snk up/down indications}. 

A new network no<£ going en-line, has to exchange database information of the resource 
manaoerwrm te neighbors. (All Enformation about the node's resources and their current use is 
concentrated n the resource managers database.) 

For that, the new node's resource manager first fetens to Hello" messages, discovers these 
neighbors and then sends out its own 'Hetkf messages to let the nekjhbore know that it Is 
acta*. New. me resource manager database mfbrmatiari is exchanged with adjacent network 
nodes (*) OSPF with so-caled "Database Description*- and link State Request* /"-Update" 
messages). 
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Data to be exchanged are: link attributes (node address and attributes, Ik* type, shared risK 
group, etc) and ink resource ttwmatfon (fibers, wavelengths. bamWdth, etc) 

After that the new node's cal manager is ante to establish the working and protection paths 
using the network fcopotogy rrfbonatkKi stored *i the resource managers database. 



oamectfion 



HeflojB 



opan 



Exchange d TlrtiMwun Irrfcrmarlkx* 



Figure 6-1: Ever* sequence for adding a new node 



6.1.2 Network Augmentation: Adding a new CWer* 

To be "reachable" by olher dierrfs. a new cfent advertises teeff to the registry, 
{Alternatively, ft could be done by Ihe resource manager of the network node the cfent Is 
attached to.) fnfnrmation to be delrvered to the registry is: 

1 . the client network address 

2. the network node address the dlert te comneded to 

3. the port number cf the network node 

4. the interface type 

(8 is assured thai the cfent is connected vfa a transponder/ O&rerwtse. the used wsvoiength 
also has to be stored.) 

An active nebwwk node periodica^ broadcasts Heflo" messages ("i am active*, not necessarfy 
identical OSPPs "HELLO - messages, distributed between the neftrak nodes} to an Its 
potential dfent interfaces. 

After connecting a new cfierct to the network node, H receives the network node's *Helto* 
message fHe1k>_NhD and starts sending its own "HeBo* messages CHeJIo_C) to the network 
node (sequence can be inverted). A session is estaWlshed between the two, more precisely 
between the client's service resoiver and the network node's resource manager. So the dfenrt 
gets the node s address infioonation needed for advertising to the regisliy: node address, port 
raimber and the registry address (rfW ia not a seperele physical Interface). 
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Then the dienl advertises to the registry via the RI interface. After successful adverfcemerit the 
sendee resater enables the call handling. 

In case of a dead network node no Tfe*o_NN* message is received and the dienl Informs the 
registry to be sel to "non reachable*. 

If an active cflerrt becomes unreachabte (because the cferrt clashes or the connecSon to the 
network node Is broken) the network node does not get 'Hello^C and Its resource manager 
send© a message to the registry to cancel the cierrt from the database. 

Then, after reboot end/be receiving "Helto_NN" message from the network node the whole 
prodedure described above is executed again. 



Client 



He*LNN 



open session 



ctess session 



« caf handing 



Figure 6-2: Event sequence far the addition of a new dienl 



€.1,3 State in fo r mati on Update 

State information may be updated even in absence of tofjotogy changes or cafi actions. The 
resource managers periodically check the consistency of the (datrtxled) databases, and 
synchronize these if needed Available Irnk resources, which may not be advertised so often, 
can be updated by this- 

Distributed route computation is c#mmonty done using routing weights. The routing weights or 
the calculation of these weights (e.g. If these are a function of the avaflabte resources) may be 
changed during the netww* operation, e.g. for traffic engineering purposes. 

For synchronization the aging mechanism of OSPF can be employed fS|. By associating an age 
for database records, the entries can be updated automsticafy. 
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Figure 6-3: State tnfoirnation update 



6,14 Basic Calk S«Uip 

This section describes the set-up of a Wnfredional palnttchpoint (working) path between two 
network elements. At first we consider a Hat wavetenglh routing neJwork without any 
mtWplewhg hierarchy. Further we assume thai for every optical path an associated path in the 
other direction exists. That means al network resources like wavelengths, In**, ports, etc only 
exist in pairs, ore for the dawrHink and one for the upMfnk.. Thus, the rooting and wavetengti 
assignment hove to be solved list once for a bHUrecttonaJ path. 

The network elements may be equipped with wavelength converters or not. Hence, the 
wavelength assignment has to be schfed in general for an optical path covering network 
elements with and without wavelength converters* However* sH clients are connected via 
tunable transponders which are able to convert any input wavelength to any desired output 
waveEenglh. This guarantees that over the UNI no wavelength avallabttty information has to be 
exchanged and that the choice of a proper wavelength is completely independent of the cfienls 
wavelength. The set-up procedure Is based on an AT&T proposal [6] and is extended to meet 
our requirements. The procedure fe now described with the help of Figure 6-4. 

Client 1, an IP router connected to an optical network wants to establish a shortcut to client 2, 
another fP router which fe connected to the optical network as well. Finstfy. client 1 needs to 
know if cSeot 2 is reachable through the optical netvwxk and if so client 1 reeds to know the 
address of dfenl 2. The service resolver of client i requests the reachability and address 
information of cfienl 2 from the registry over the Rl interface. If client 2 is reach a We the service 
resolver initiates the path set-up wfth the desired attributes (endpofrrt address, path type, 
protection, etc.) al the call manager. Then the dtenl call manager sends a path set-up message 
with the associated attributes over the UNI to the call manager of the optical node A. To alow a 
dearkientfflcatton of a specific opJica* path, node A (ingress) chooses a unique label as a path 
identifier. During Ihe path set-up the path identifier Is transmitted to every node along the mute 
and lo both clients. The palh identifier is saved in every node along the route as long as the 
associated optical path exists. 

To establish an optical path from node A to node E a wavelength request message is sent from 
the call manager m node A k> the call manager in the next hop node B. The next hop is provided 
by the resource manager on a request of the caB manager (hop-by-bop routing). The 
wavetength request message which is sent downstream contains a path vector which informs 
thefoflowrng nodes about the nodes already covered by the palh and the aralabfe wavelengths 
(a vector of the same stoe as the number of wavelengths on the first Br*), The first wavelength 
request message efong the route contains therefore just a angle entry *A 10000011*, This 
message Worms node B that the wavelengths 1,7 and 6 are avaitabte on fir* AB. hi the 
example an 8 channel system is assumed. Because node B does not contain a wavelength 
converter the wavelength must continue. This can be guaranteed by canceling all wavelengths 
in the received wavelength avaaTaWSty vector which are not available on Bnk BC. In the exampte 
the wavelengths 7 and B have to be canceled. The wavetengm request meesage now contains 
b*o entries and k sent to the next hop CX In node C a wavetength converter is available. Henoe, 
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the necessity for wavelength continuity does nol exist and all avaifabte wavelengths on IWc CD 7 
can be used. Thus, a new entry "C 00111000" is added to the paih vector and the wavelength ^ 
request message is sent to the next hop D. As soon as the end node E is reached a wavetength £ 
allocation message is sent back 1o the beginning of the path along the route specified by the R 
path vector The wavelength assignment can now be done by every node. For selecting a 
proper wavelength the path and wavetength avaifabitty vector received together with the h 
wavefengtfi request message is temporarily stored by each node as long as the wavelength 0 
allocation Is finished. In tie example the first ft algorithm is applied for the wavetength <~ 
assignment Bui the procedure fs not limited to the first fit algorithm, o£*er wavetength L 
assignment algorithms can be applied as well. 

The avalfahlltty of al the wavetengths marited h the path vector as available must be 
guaranteed as long as the wavetength allocation message has been receded. After allocating a 
proper wavetength the unused but reserved wavelengths can be released. Reserving all 
wavelengths along the route for the entire set-up process does not zJIcw the simultaneous set- c 
up of more ftan one path if the routes have coincidence links. "This can dramabcaffy increase 
the time necessary ftjr setting up restoration calls after a failure. To allow the simultaneous set- 
up of more than one path the wavetengths could be divided into groups. After selecting a 
wavetength group the edge node A sends a wavetength request message with the group ID and 
the wavelength avalabifity vector for that group a Feng the route. Now the reservation te onfy c 
necessary for one group. Unused wavelength QutaMe trts group can be used to set-up 
additional paths simultaneously. Work on this topic is still in progress. [ 

ff.the bandwidth resources on a Rnk along the route from A to £ are exhausted, a reject 
message Is sent back to the transit node A and afl reserved wavetengths aJong the route have 
to be released. That means that the requested optical path cannot be established. To achieve 
better network utilization a Rem ale routing or crank back can be implemented. 
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Figure 6-4: Optical path set-up 

tn a hterarctifcal network vrtth rciuWptexers the call set-up may take place over several multiplex 
layers (see Figure 2-1}. The ca8 set-up for the TOM layers is sSghtty different to the above 
described set-up in the wavelength routing layer. For the TDM layers no equivalent to the 
waveJength continuing constraint exists. Thai mearws the channels can be switched from one 
time riot to any other avalabte time slot This is equivalent to a wavelength routing layer every 
node fully equipped with wavelength converters. Hence, hi the TDM layers the transmission of a 
channel ava lability vector equrvafent to the wavelength availabfiiy vector h the waveteogffi 
iou!F>g layer es not necessary. 



4.1 .5 Protected Cal; Set-up 

To protect the optical patfi from A to E against failures the cfent may set-up an additional path 
{protection path) on a diverse route, in case of a failure boffi cfenl nodes switch from the 
wo&ing path to the protection path. To set-up a protection path on a diverse route the route of 
tha working path must be known. Node A gets this information In form of a working path ID from 
the ciert requesting the protection path. Node A Initiates tow the protection path set-up by 
iencfing a new wa veter>g& 

message contains the worting path ID to avoid coincidence of nodes or Snka between worfcng 



ever • 
WDM 

and protection path. The set-up procedure ts almost the same as for the working path but with 
an additional constraht for the routing algorithm to avoxJ nodes which are pari of the wortorw 
path, 



8.1.6 Call tsar-down 

Assumed the optical path (wortdng or protection) from client 1 to dent 2 we have setup in 
section 6.1.4 shouW be torn down. The path tear-down can be triggered from both sides, either 
from dient 1 or from cient 2. For the following description we assume that client 1 triggers the 
path tear-down. The service resotver Initiates the path tear-down of the desired path {attributes: 
endpolnt address, path type, etc.) at its call manager. Then the can manager sends a path 
release message with the associated attributes over the UNI to the can manager of the optical 
node A. A wavelength refease message is sent along the path from node to node until the edge 
node E is reached. As soon as the call manager In Ihe edge node receives the release 
message it informs the caH manager of dient 2 that the optical path la about to be closed After 
client 2 has agreed or a time out has expired the caB manager in the edge nods sends a 
wavelength release message back to node A Every node along the path that receives this 
wavelength release message releases aO resources associated wtth the path to be dosed. 

The described procedure for the path tear-down can be applied h hierarchical networks (with 
TDM multiplexers) asv»«eiL 



6.1.7 Restoration Catl 

As an option, the ASON can restore connections which are not protected by back-up 
connections. 

The restoration attribute for a connection is signaled via the UNI, The corresponding edge node 
tags the connection as restorable and is reBconBfcte for the restoration. " 

There are two possibles to trigger a restoration cal: 

Triggered by link watcher. 

The link watcher detects the failure of ihe link (e.g. by the failure of the link's in-hand 
control signal} and indicates thts to the resource manager. 

The resource manager identifies In the database an* the connections over ihe failed Hnk 
and Initiates release messages for each connection. An edge node receiving a release 
message for a lagged connection then initiates the restoration caJB for this connection. 
Triggered by transponder 

The transponder at the end of the connection detects that the signal does not meet the 
desired quaSty (e.g. through performance monitoring or detecting a Loss of SgnaS) and 
then ndicstes this to the resource manager of the edge node. 

if the connection is lagged, the cormecticn w$ be released and restored by the edde 
node. * 

As a iirik watcher-triggered example, Figure 6-5 depicts the station for a unkfirectfonal falure 
between B«-C on the (bVdtrectienat) path A-B-C-O requested by cfent t. The link watcher at B 
detects the falure. By netjetease messages from B for both ends of the path the correction Is 
released and the edge node A restores the connection by rerouting over A-B-E-...-D. 
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In case of a bi-directional failure both B and C send ne4_reteese messages to the edge nodes. 
This Is analogous to a node failure on the path, e.g. for a further node between B and C 

tf one of the edge nodes failed, restoration is not possible anymore. If the edge node of the 
requesting dent failed, then thai path cannot be restored anymore. The cfent may be notified 
about the failure of the node, If the edge node of the destination dent felted, the set-upCs} of the 
restorafion path(s> will fail. At the end of the trial(s) the cfient wl be notified about the 
unsuccessful restoration call. 

In the example, a transponder-triggered restoration wil behave analogous, except mat the 
release messages are initiated by the edge node. 

In principle one or both of the trigger possfcffttes may be employed. In the latter case, poss&te 
irteractions have to be considered. E.g. the edge nodes may incorporate some hold-off time in 
the transpcnder-Jdggercd restoration, 

The edge node may perform some prioritizing of simtitaneous restoration calls, e.g. sSff 
connections, before ftexfcte connectioos, since flexfcte connections can be optimized laler on. 

For a new (restored) connection, edge nodes may select new vravetengths for the transponders. 
If the restoratfon call raited, the cferts at bolhemlsv^bewaibe rKrtj6edoverlheLB4l. 

For the path reeloratpon. advanced rerouting mechanisms may be employed. E.g. a new route 
may be established by using loose exploit routing and takfing the actual faJure state kilo 
account. Also the edge node may employ some set-up re-trial mechanisms. 
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figure 6-5: Restoration of an optical path 



6-1.8 Modify Call 

Tile modify call is triggered by an operator via a network management system to reroute an 
Already existing optica} path. The rerouting of an optical path can be desirable to optimize the 
network or to lockout traffic from a specific link {e.g. for maintenance). A modify call nxtes a 
new path through the network and switches the traffic from the o4d path (tho path to be 
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modified) to the new path as far as the resource* for Ihe new path have been reserved 
Establishing the neWpalh before breakng the cH one guarantees short switching tiroes arxJ the 
avalfabBffy of Ihe ne* path under all circumstances- ft thecal set-tip of Ihe new path Wocks the 
oW path remains estebfehed. 

A special feaJure of a modify call Is the possfcfflty Ihal the new path may use the same 
resources than the bid or>e. In Figure 6-6 for example, the modify can is alfowed to use the 
same wavelength crj fink AB as the old path. For this reason the path 10 of the old path fs se*it 
together with a wavelength (WL> request message during the set-up of the modified call A 
wavelength which is used by the oW path merited (n the wavelength avaltebUfty vector as 
unused. This guarantees that all resources used by the old path are also avaltebte for the new 
one. After the wavelengths along the route of the new path are allocated and the connections in 
the switching fabrics am estabfehed. the rid path can be closed The tear-down procedure of 
ihe old path needs to know foe path ID of the new path io avoid the release of resources used 
by the new path as Wei. 
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Figure €-6: Modify call 



&2 Routing In Hierarchical Networks 

In Section 2.3 the hierarchical layering of the ASON due to TDM has been deserted . Below a 
method is introduced which aflovw to route a path through such a network. 

For the following description the terminology of G.BQ5 will be employed [7J. Addrtionalfy, the 
term interchange node is used, denoting a node with access to link connections which are 
realized by a trail of another ASON layer network. Only those layer networks comprising matrix 
connection functions are of relevance for tie routing akjorihm and are therefore meant, if the 
term layer network b used wthin thta context. Keeping this in mind, an mterchanoe node may 
also be described as 8 node with at least one junction to another layer network which is actirxi 
as a server layer far t. Note, that the respective node m the server layer may not be an 
interchange node. 

Each layer network has Its own routing instances. In Figure 2-1 for Instance, there are three sets 
of routing instances forming three peer groups. A node belonging to two layer networks runs 
therefore two independent routing in stances. 

The topology of a layer network comprises the nodes (interchange and ordinary nodes) and Hie 
links between them, indrvtfua! Br* connections are not part of the lopoiogy. if there are ink 
connections between two interchange nodes which are realized by a server trai, a 



ASCH ArvhOrndtuim Spmttcatfon vi.O 



n 



SIEMENS 




over 
WDM 



representative refiedhg this server trail, \s part of the client layer topology, see Figure 6-7. 
There the topology of the client layer network comprises two interchange nodes, an ordinary 
rode, bvo Snks, and a representative. The representative is only a reminder, that there is the 
possibility to estabfish a connection between the respective Interchange nodes, K at teast one 
ft* connection b actuaBy used, a Bnk paraltet to the representative is indbded in the topotogy. 
TWs link may now act as a server trail for another layer network resulting in a representative ki 
the respective layer. If aB ink connections supported by a server tral are occupied, the 
representative te deleted from the topology but not the Itrtc parale* to it 




Figure 6-7: Representing a server trait Sn the cfertt network 

An example will help to darify the procedure. Assume that there is a 2.5 Gbil/s network above a 
10 Gbit/s network above a 40 Gbit/s network. An estaWisbed 40Gbrt/!s server trail will be 
reflected in the 10 GbS/s network by a representative. This representative reminds the routing 
Instances running in the 10Gbfl/s layer that Ihera is capacity for the transport of 10Gbft/s 
signals between the two interchange nodes terminating it. Up to now the 2.5 Gbst/s layer 1s not 
awafe of the pcssibiHy to use pari of the capacity of this 40 Gba/s trail This changes in case 
one of the four 40 Gbit/s tributaries is aduaJfy used by the 10 Gbrtfe nefcvork. New parallel to the 
representaUve a Snk is fnduded in the 10 Gbftte layer, and this link causes a representative to 
be included in the 2.5 Gbit/s layer, g'rven the required muHiptexm are instated (the respective 
2.5 Gbil/s nodes are interchange nodes). A 2,5 GbB/s link connection may now be used which is 
carried by a 10 Gbftfe trait whidh Is running over a 40 GtAfe trait, tf all link cx>nnections 
supported by one server trail are already used, there is no need tor a representative as a 
reminder for potential fink oomrecfions and therefore ft Is deleted. However, the link cannot be 
en deleted because pari of Its capacity may stifl be available, e.g. a ZS Gbit/s time slot in a 

[J] lOGbitfe tignalrnaysBHbetreewWte al four 50 Gbitfc Wxrfaries oT fte 40 Gbtfe signal are 

§ used. 

~* H should be noted, that in the AS ON a dtent layer may comprise representatives of different 

en server layers. e.g. a 2 A Gbit/s layer network may have representatives due to a 10 Gbil/s server 

E layer as «JI as due to a 40 GW/3 server layer if the latter provides riirectty 2.5 Gbst/s tributaries. 

H Abo the transparent network tayef may have representees in al other layer networks, see 

z: Figure 2-1. 
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